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FLUORESCENT INK COMPOSITIONS COMPRISING FUNCTIONALIZED 
FLUORESCENT NANOCRYSTALS 

5 Applicant: BIOCRYSTAL, LTD., Westerville, Ohio, U.S.A. 

Inventor: 

Emilio BARBERA-GUILLEM, Powell, Ohio, U.S.A. 

10 This is an international patent application filed under the Patent Cooperation Treaty in 

the United States Receiving Office that claims priority to U.S. Patent Appl. No. 09/755,407, 
filed 05 JAN 01. 

Field Of The Invention 

1 5 This invention relates to water-based printing inks; and more particularly to 

fluorescent ink compositions useful in various printing methods such as ink jet printing. 

BACKGROUND OF THE INVENTION 

Inkjet printing is a standard and preferred method for printing onto a substrate, 
20 wherein a stream of ink droplets are directed from a printing device to a surface of the 

substrate. The direction of the stream is controlled electronically in causing the droplets to 
print the desired image or information on the substrate surface without requiring contact 
between the printing device and the surface to which the ink is applied. Inkjet printing may 
be applied to a variety of substrates including, but not limited to, metals, glass, synthetic 
25 resins, plastics, rubber, paper, and the like. Objects, comprising substrates to which ink jet 
printing is well suited, include, but are not limited to, containers for consumer products, 
currency, draft checks, envelopes, letterhead, identification cards, bank cards (debit, credit, 
and the like), identification strips (e.g., comprising barcodes), and the like. 
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Fluorescent inks have been developed for printing a "security mark" on articles such 
that the mark is invisible to the unaided eye, but that can be detected as fluorescence upon 
excitation with an activating light of a suitable excitation wavelength spectrum. More 
particularly, security marks are applied to articles in efforts to prevent forgery, theft, and 
5 fraud; wherein such articles are known to include, but are not limited to, identification cards, 
passports, currency, checks, securities, and other types of commercial paper. The security 
mark may be in the form of a barcode which encodes information, or may comprise a 
recognizable pattern for identification and verification purposes. Prior art fluorescent inks 
are known in the art to include: a fluorescent colorant, a solvent, and a binder resin; an 

10 organic laser dye that is excited by a wavelength spectrum in the near infrared range and 

fluoresces in an infrared range; a phenoxazine derivative dye fluorescing in the near infrared 
range; a rare earth metal, an organic ink carrier, and may further comprise a chelating agent; 
and a near infrared fluorophore and a water-dissipatable polyester. Generally, such 
fluorescent inks comprising fluorescent dyes or pigments demonstrate several disadvantages. 

1 5 For example, there is a relatively narrow margin between the amount of a fluorescent 

dye which is sufficient to give good fluorescent color intensity, and an amount wherein the 
dye molecules begin to aggregate and thus reduce the amount of fluorescence by quenching. 
A limitation in intensity can also limit the density of information encoded on a security mark 
(such as a barcode) by a fluorescent ink composition. 

20 Thus, there exists a need for fluorescent ink compositions suitable for printing on 

substrates, wherein (a) the fluorescent component of the fluorescent ink composition is water- 
soluble; (b) the fluorescent component is excited by a wavelength spectrum comprising UV 
light, and preferably in a spectral range of from about 300 nanometers (nm) to about 400 nm, 
and emits an narrow emission peak in a wavelength spectrum primarily in the visible range, 
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and preferably in a spectral range of from about 410 um to about 750 nm; (c) a plurality of 
fluorescent ink compositions (each containing a fluorescent component that can be detect- 
ably distinguished (e.g., by fluorescent color and/or intensity) from that of other fluorescent 
ink compositions of the plurality of fluorescent ink compositions) may be utilized for 
5 multicolor fluorescence by excitation with a single wavelength spectrum of light resulting in 
simultaneous detection of fluorescence of high quantum yield and with discrete peak 
emission spectra; (d) a fluorescent component that resists photobleaching (and therefore can 
be used for signal integration); and (e) a fluorescent component that is not susceptible to 
quenching. 

10 

SUMMARY OF THE INVENTION 

Provided are fluorescent ink compositions comprising a fluorescent component that 
comprises functionalized fluorescent nanocrystals (e.g., a single type for print of a single 
fluorescent color, or a plurality of types for print of multicolor), an ink carrier, and a binder; 

15 and may further comprise other components such as one or more of a biocide, a surfactant, a 
defoamer, and the like. One or more fluorescent ink compositions are printed onto the 
surface of a substrate using a printer device. Following excitation of the printed surface with 
an appropriate excitation wavelength spectrum, each of the one or more fluorescent ink 
compositions printed on the surface will emit fluorescence of high quantum yield and with 

20 discrete peak emission. The fluorescent ink composition may be varied with respect to the 
intensity of fluorescence emission. Variables such as differences in intensity and in 
fluorescent color can enable an increase in the information that can be stored in a security 
mark, as well as increase the possible number of colors, intensity, and complexity of a 
security mark so as to prevent forgery. For example, the fluorescent ink composition can be 
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varied by controlling the amount and type of functionalized fluorescent nanocrystals in the 
method of preparing the fluorescent ink composition. Thus, the fluorescent properties of the 
fluorescent ink composition, such as intensity and color, are sensitive to the functionalized 
fluorescent nanocrystals made a part thereof. A resultant advantage of the fluorescent ink 
5 compositions of the present invention is that they may be produced to have a greater degree 
of fluorescence (intensity) than previously known fluorescent ink jet compositions. 

An additional advantage of the use of the fluorescent ink compositions according to 
the present invention relates to the use of a plurality of the fluorescent ink compositions in 
printing a desired pattern onto a surface. Each fluorescent ink composition may be comprised 

10 of a type of functionalized fluorescent nanocrystals capable of fluorescing a specific color. 
Thus, the plurality of fluorescent ink compositions may be used to print a desired pattern 
which can be excited to emit multicolor fluorescence which may be visible simultaneously in 
generating a specific, identifiable code (based on the emission spectra which can comprise 
both color and intensity) that can be used for purposes of verification or identification. For 

1 5 example, a plurality of fluorescent ink compositions may comprise a first ink composition 
capable of fluorescing red, a second ink composition capable of fluorescing blue, a third ink 
composition capable of fluorescing yellow, and a fourth composition capable of fluorescing 
green. This exemplary combination of a fluorescent ink compositions may be used to print 
currency with a security mark comprising a code (based on the number, or number and 

20 intensity, of colors) for verification purposes. Further, in a method of producing the 

fluorescent ink composition according to the present invention, by controlling the proportion 
of the components, precise control may be achieved with respect to the basic fluorescent 
properties of the resultant fluorescent ink composition. 
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The above and other objects, features, and advantages of the present invention will be 
apparent with reference to the following Detailed Description of the Invention. 



DETAILED DESCRIPTION OF THE INVENTION 

5 Definitions 

The term "functionalized fluorescent nanocrystals" is intended, for purposes of the 
specification and claims, to refer to nanocrystals comprising semiconductor nanocrystals or 
doped metal oxide nanocrystals, wherein the nanocrystals are operably bound to, and 
functionalized by the addition of, a plurality of molecules which provide the functionalized 

10 fluorescent nanocrystals with reactive functionalities to enable the fluorescent nanocrystals to 
be soluble in the aqueous-based ink carrier of the fluorescent ink composition; wherein the 
plurality of molecules may be selected from the group consisting of carboxylic acid, an 
amino acid, a diaminocarboxylic acid, a monoaminocarboxylic acid, and a combination 
thereof. Further, the reactive functionalities may aid the functionalized nanocrystals to 

15 become bound to one or more of the binder of the fluorescent ink composition, or the 

substrate onto which they are applied. A preferred type of molecules to functionalize the 
fluorescent nanocrystals may be used to the exclusion of molecules other than the preferred 
type of molecules. The functionalized nanocrystals are sufficiently soluble in an aqueous- 
based environment provided by an ink carrier in forming an aqueous-based fluorescent ink 

20 composition. 

The term "semiconductor nanocrystals" is intended, for purposes of the specification 
and claims, to refer to quantum dots (crystalline semiconductors) having a core comprised of 
at least one of a Group II- VI semiconductor material (of which ZnS, and CdSe are illustrative 
examples), or a Group IH-V semiconductor material (of which GaAs is an illustrative 
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example), a Group IV semiconductor material, or a combination thereof. In a preferred 
embodiment, the core of the quantum dots may be passivated with an semiconductor 
overlayering ("shell") uniformly deposited thereon. For example, a Group II-VI 
semiconductor core may be passivated with a Group II-VI semiconductor shell (e.g., a ZnS or 
5 CdSe core may be passivated with a shell comprised of YZ wherein Y is Cd or Zn, and Z is S 
or Se). As known to those skilled in the art, the size of the semiconductor core correlates 
with the spectral range of emission. Table 1 is an illustrative example for CdSe. 



Table 1 



Color 


Size Range(nm) 


Peak Emission Range 


blue 


2.5 to 2.68 


476 to 486 


green 


2.8 to 3.4 


500 to 530 


yellow 


3.58 to 4.26 


536 to 564 


orange 


4.9 to 6.1 


590 to 620 


red 


8.6 to 10.2 


644 to 654 



10 In a preferred embodiment, the semiconductor nanocrystals are produced using a 

continuous flow process and system such as that disclosed in U.S. Patent No. 6,179,912, 
issued January 30, 2001 and entitled, "Continuous Flow Process for Production of 
Semiconductor Nanocrystals, " and have a particle size that varies by less than +/- 4% in the 
average particle size. In a preferred embodiment, the semiconductor nanocrystals comprise a 

15 monodisperse population having an average particle size (as measure by diameter) in the 
range of approximately 1 nanometer (nm) to approximately 20 urn. 

The term "doped metal oxide nanocrystals" is intended, for purposes of the 
specification and claims, to refer to nanocrystals comprised of: a metal oxide, and a dopant 
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comprised of one or more rare earth elements. For example, suitable metal oxides include, 
but are not limited to, yttrium oxide (Y2O3), zirconium oxide (ZrQz), zinc oxide (ZnO), 
copper oxide (CuO or Cu 2 0), gadolinium oxide (Gd 2 0 3 ), praseodymium oxide (Pr 2 C>3) 5 
lanthanum oxide (La 2 C>3), and alloys thereof. The rare earth element comprises an element 
5 selected from the Lanthanide series and includes, but is not limited to, europium (Eu), cerium 
(Ce), neodymium (Nd), samarium (Sm), terbium (Tb), gadolinium (Gd), holmium (Ho), 
thulium (Tm), an oxide thereof, and a combination thereof. As known to those skilled in the 
art, depending on the dopant, an energized doped metal oxide nanocrystal is capable of 
emitting light of a particular color. Thus, the nature of the rare earth or rare earths are 

1 0 selected to obtain the color sought to be imparted (emitted) by a doped metal oxide 

nanocrystal used in the fluorescent ink composition according to the present invention. A 
given rare earth or rare earth combination has a given color, thereby permitting the provision 
of doped metal oxide nanocrystals, each of which may emit (with a narrow emission peak) a 
color over an entire range of colors by adjusting the nature of the dopant, the concentration of 

15 the dopant, or a combination thereof. For example, the emission color and brightness (e.g., 
intensity) of a doped metal oxide nanocrystal comprising Y 2 03iEu may depend on the 
concentration of Eu; e.g., emission color may shift from yellow to red with increasing Eu 
concentration. For purposes of illustration only, representative colors which may be provided 
are listed in Table 2. 
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Table 2 



Fluorescent Color 


Dopant 


blue 


thulium 


blue 


cerium 


yellow-green 


terbium 


green 


holmium 


green 


erbium 


red 


europium 


reddish orange 


samarium 


orange 


neodymium 


yellow 


dysprosium 


white 


praseodymium 


orange-yellow 


europium + terbium 


orange-red 


europium + samarium 



Methods for making doped metal oxide nanocrystals are known to include, but are not limited 
to, a sol-gel process (see, e.g., U.S.. Patent No. 5,637,258), and an organometallic reaction. 
As will be apparent to one skilled in the art, the dopant (e.g., one or more rare earth elements) 
are incorporated into the doped metal oxide nanocrystal in a sufficient amount to permit the 
doped metal oxide nanocrystal to be put to practical use in fluorescence detection as 
described herein in more detail. An insufficient amount comprises either too little dopant 
which would fail to emit sufficient detectable fluorescence, or too much dopant which would 
cause reduced fluorescence due to concentration quenching. In a preferred embodiment, the 
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amount of dopant in a doped metal oxide nanocrystal is a molar amount in the doped metal 
oxide nanocrystal selected in the range of from about 0.1% to about 25%. Doped metal oxide 
nanocrystals may be excited with a single excitation light source resulting in a detectable 
fluorescence emission of high quantum yield (e.g., a single quantum dot having a 
5 fluorescence intensity that may be a log or more greater than that of a molecule of a 

conventional fluorescent dye) and with a discrete fluorescence peak. Typically, they have a 
substantially uniform size of less than 200 Angstroms, and preferably have a substantially 
uniform size in the range of sizes of from about 1 nm to about 5 nm, or less than 1 nm. In a 
preferred embodiment, the doped metal oxide nanocrystals are comprised of metal oxides 

1 0 doped with one or more rare earth elements, wherein the dopant comprising the rare earth 
element is capable of being excited (e.g., with ultra-violet light) to produce a narrow 
spectrum of fluorescence emission. In another preferred embodiment, the doped metal oxide 
has both fluorescent properties (when excited with an excitation light source) and magnetic 
properties. Thus, in one embodiment, a fluorescent ink composition may comprise 

15 functionalized fluorescent nanocrystals comprising doped metal oxide nanocrystals which are 
magnetic. 

The term "operably bound" is intended, for purposes of the specification and claims to 
refer to fusion or a bond or an association of sufficient stability to withstand conditions 
encountered in a method of detection, between a combination of different molecules such as, 
20 but not limited to, between functionalized fluorescent nanocrystals and the binder, and 
between a fluorescent nanocrystal and the molecules with which it is functionalized (e.g., 
carboxylic acid, diaminocarboxylic acid, or a monoaminocarboxylic acid), and a combination 
thereof. As known to those skilled in the art, the bond may comprise one or more of 
covalent, ionic, hydrogen, van der Waals, and the like. As known to those skilled in the art, 
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and as will be more apparent with reference to the following embodiments, there are several 
methods and compositions in which two or more molecules may be operably bound utilizing 
reactive functionalities. Reactive functionalities include, but are not limited to, free chemical 
groups (e.g., thiol, or carboxyl, hydroxyl, amino, amine, sulfo, etc.), and reactive chemical 
5 groups (reactive with free chemical groups). 

The term "suitable conditions" is used herein, for purposes of the specification and 
claims, and with reference to a process of reacting two components (e.g., functionalized 
fluorescent nanocrystals and a binder), to mean those conditions under which the components 
may become operably bound to each other. As known to those skilled in the art, such 

10 conditions may include one or more of: a pH range of from about 3 to about 9, ionic strengths 
such as that ranging from distilled water to about 1 molar sodium chloride, and a temperature 
in the range of from about 4°C to about 45°C; and may further include a time sufficient for 
binding to occur (e.g., in a range of from about 10 minutes to about 2 hours). 

By the term "diaminocarboxylic acid" is intended, for purposes of the specification 

1 5 and claims, to refer to an amino acid that has two free amine groups. The amino acid 

may be a naturally occurring amino acid, a synthetic amino acid, a modified amino acid, an 
amino acid derivative, and an amino acid precursor (e.g., citrulline and ornithine are 
intermediates in the synthesis of arginine). In a preferred embodiment, the 
diaminocarboxylic acid contains neutral (uncharged) polar functional groups which can 

20 hydrogen bond with water, thereby making the diaminocaiboxylic acid (and the quantum dot 
to which it is made a part of) relatively more soluble in aqueous solutions containing water 
than those with nonpolar functional groups. Exemplary diamino- carboxylic acids include, 
but are not limited to, lysine, asparagine, glutamine, arginine, citrulline, ornithine, 5- 
hydroxylysine, djenkolic acid, P-cyanoalanine, and synthetic diaminocarboxylic acids such as 
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3,4-diaminobenzoic acid, 2,3-diaminopropionic acid, 2,4-diaminobutyric acid, 2,5- 
diaminopentanoic acid, and 2,6-diaminopimelic acid. 

The term "amino acid" is intended, for purposes of the specification and claims, to 
refer to a molecule that has at least one free amine group and at least one free carboxyl group. 
5 The amino acid may have more than one free amine group, or more than one free carboxyl 
group, or may further comprise one or more free chemical reactive groups other than an 
amine or a carboxyl group (e.g., a hydroxyl, a sulfhydryl, a seleno group, etc.). The amino 
acid may be a naturally occurring amino acid, a synthetic amino acid, a modified amino acid, 
an amino acid derivative, and an amino acid precursor. The amino acid may further be 

10 selected from the group consisting of a monoaminocarboxylic acid, and a diaminocarboxylic 
acid. In a preferred embodiment, the monoaminocarboxylic acid contains one or more 
neutral (uncharged) polar functional groups which can hydrogen bond with water, thereby 
making the monoaminocarboxylic acid (and the quantum dot to which it is made a part of) 
relatively more soluble in aqueous solutions containing water than those with non-polar 

15 functional groups. Exemplary mono-aminocarboxylic acids include, but are not limited to, 
glycine, serine, threonine, cysteine, (5-alanine, homoserine, y-aminobutyric acid, and 
homocysteine. Other preferred amino acids include sulfur containing amino acids (e.g., 
cysteine, homocysteine, s-allyl-L-cysteine sulfoxide, taurine, penicillamine, and the like); and 
seleno containing amino acids (e.g., selenocysteine, selenohomocysteine, Se- 

20 methylselenocysteine, selenocystine, selenohomocystine, and the like). 

The term "carboxylic acid" is intended, for purposes of the specification and claims, 
to refer to a compound having the formula HS(CH 2 )nX, wherein X is a carboxylate 
(carboxylic moiety). And, 4< n" is a number in the range of from 1 to about 20, and preferably 
greater than 4. In a preferred embodiment, the thiol group of the carboxylic acid can be used 
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as a reactive functionality for the carboxylic acid to become operably bound to the 
nanocrystal, depending on the composition of the nanocrystal (e.g., to Cd, Zn and the like). 
Additionally, the carboxylic moiety of the carboxylic acid imparts water solubility to the 
nanocrystals. Exemplary carboxylic acids may include, but are not limited to, 
5 mercaptocarboxylic acid, or mercaptofunctionalized amines (e.g., aminoethanethiol-HCl, or 
1 -amino-2-methyl-2-propanethiol-HCl). 

The present invention provides a fluorescent ink composition, suitable for printing a 
desired pattern on a substrate, comprising functionalized fluorescent nanocrystals, and an ink 
carrier. Also provided is a fluorescent ink composition comprising functionalized fluorescent 

10 nanocrystals, an ink carrier, and a binder. Also provided is a fluorescent ink composition 

comprising functionalized fluorescent nanocrystals, an ink carrier, a binder, and one or more 
additional components suitable for the function of an ink composition. In a preferred 
embodiment, the functionalized fluorescent nanocrystals are excitable by ultraviolet light, and 
fluoresce at a spectral wavelength having a peak emission in the range of from about 410 nm 

15 to about 900 nm. In a more preferred embodiment, the fluorescence is in the range of visible 
light. 

FUNCTIONALIZED FLUORESCENT NANOCRYSTALS 
As disclosed in detail in U.S. Patent No. 6,1 14,038, issued 5 SEP 00 and entitled, 
20 " Functionalized Nanocrystals and Their Use in Detection Systems, " fluorescent 

nanocrystals comprise nanocrystals which have been functionalized by the addition of a 
plurality of molecules; and preferably, the molecules are selected from an amino acid, a 
carboxylic acid, and a combination thereof. For example, the nanocrystals may comprise 
semiconductor nanocrystals that have a core selected from the group consisting of CdSe, 
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CdS, and CdTe (collectively referred to as "CdX"), and may further comprise a characteristic 
shell comprised of YZ wherein Y is Cd or Zn, and Z is S, or Se. Typically, CdX core/YZ 
shell quantum dots are overcoated with trialkylphosphine oxide, with the alkyl groups most 
commonly used being butyl and octyl. In one preferred embodiment, the CdX core/YZ shell 
5 quantum dots are treated with a large excess of mercaptocarboxylic acid in exchanging the 
trialkylphosphine oxide coat with a coat comprising a plurality of carboxylic acid molecules. 
For example, (CdSe)ZnS nanocrystals were prepared in a pyridine solution. The pyridine 
overcoating of the (CdX) core/YZ shell nanocrystals were exchanged with a carboxylic acid 
comprising mercaptocarboxylic acid. Exchange of the coating group is accomplished by 

1 0 treating the water-insoluble, pyridine-capped quantum dots with a large excess of anhydrous 
mercaptocarboxylic acid. To accomplish this, the pyridine-capped (CdSe)ZnS quantum dots 
were precipitated with hexanes, and then isolated by centrifugation. The residue was 
dissolved in anhydrous mercaptoacetic acid, with a few drops of pyridine added, if necessary, 
to form a transparent solution. Chloroform was added to precipitate the nanocrystals and 

15 wash away excess thiol. The nanocrystals were isolated by centrifugation, washed once more 
with chloroform, and then washed with hexanes. The residue was briefly dried with a stream 
of argon. The resultant nanocrystals, coated with molecules of carboxylic acid, were then 
soluble in water or other aqueous solutions. The nanocrystals, in an aqueous solution, were 
centrifuged once more, filtered through a 0.2 |im filter, degassed with argon, and stored in an 

20 amber vial. The nanocrystals may then be further functionalized by an amino acid 

comprising a diaminocarboxylic acid. The diaminocarboxylic acid molecules were operably 
bound to the carboxylic acid molecules of the nanocrystals by using commercially available 
crosslinking agents and methods known to those skilled in the art. For example, the 
carboxylic acid-coated nanocrystals were dissolved in an aqueous buffer system (pH of about 
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7). To the nanocrystals was added EDC (l-ethyl-3-[3-dimethylaminopropyl] carbodi-imide) 
and sulfoNHS (sulfo-N-hydroxysuccinimide) in 500-1000 times excess. The resulting 
solution was stirred at room temperature for 30 minutes. Mercaptoethanol was added to 
neutralize unreacted EDC at 20 mM concentration and stirred for 15 minutes. The entire 

r 

5 solution was then added drop-wise, with stirring, to a solution of a diaminocarboxylic acid 
comprising lysine (large excess) in the same buffer; and the mixture was stirred for 2 hours at 
room temperature. Ethanolamine (30 mM) was added to quench the reaction; and the 
mixture was stirred for 30 minutes at room temperature or left overnight at 4°C. The solution 
was centrifiiged to remove any precipitated solids, and then ultrafiltered through a 30kD MW 

10 centrifugal filter. The resultant concentrated, fluorescent nanocrystals can be solubilized in 
an aqueous solution of choice. Once solubilized, the resulting solution can be stored in an 
amber vial under an inert gas to prevent flocculation. The fluorescent nanocrystals may be 
operably bound to a successive layer of amino acid molecules by, for example, repeating the 
procedure and reaction using EDC and sulfoNHS with the amino acid molecules comprising 

15 the successive layer. 

Similarly, a nanocrystal comprising a doped metal oxide nanocrystal may be operably 
bound to a plurality of molecules (e.g., a carboxylic acid, an amino acid, or a combination 
thereof) using methods known in the art. For example, the plurality of molecules having 
reactive functionalities comprising free carboxyl groups can be chemisorbed, adsorbed, or 

20 otherwise permanently added to the .metal oxide portion of the nanocrystal. For example, the 
metal oxide nanocrystals are suspended in an aqueous solution of an amino acid comprising 
homocysteine having a pH of about 3.5 for about an hour. The reaction is then stopped by 
adjusting the pH to neutral, and dialyzing out the aqueous solution. 
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As an alternative, fluorescent nanocrystals functionalized with a plurality of a sulfur 
containing amino acid or a seleno containing amino acid. In a preferred embodiment, the 
fluorescent nanocrystals were functionalized with homocysteine molecules. Nanocrystals 
(e.g., (CdSe)ZnS) coated with an organic layer (e.g., mercaptoacetic acid) were treated with a 
5 molar excess of homocysteine in replacing the organic layer with a coating comprising a 
plurality of homocysteine molecules. The approximate number of surface Zn sites on the 
specific size of nanocrystals utilized was calculated. At least a 5 times molar excess of 
homocysteine (as compared to the number of surface Zn sites) was added to the nanocrystals, 
as per the following formula: 

10 

Grams homocysteine = 5(number of Zn surface sites)(volume of solution containing 
the nanocrystals)(concentration of nanocrystals in solution)(135.2). 



The mixture was stirred to dissolve the homocysteine, and then stored at 4°C for 24 hours. 

1 5 The resultant solution was then centrifuged to remove any precipitate, and the supernatant 
was transferred to a centrifugal filter for the appropriate volume of supernatant (preferably, 
with a molecular weight cutoff of about 10 kD or below to retain the fluorescent nanocrystals 
coated with homocysteine). After centrifiigation, and when the desired minimum volume is 
reached, the fluorescent nanocrystals were then rediluted in the appropriate aqueous solution 

20 (e.g., HEPES buffer) to a volume in which the original mass of homocysteine had been 
dissolved. The steps of filtering and redilution of the fluorescent nanocrystals in solution 
may be repeated to improve purity. The resultant fluorescent nanocrystals comprising 
homocysteine-coated nanocrystals may then be degassed by bubbling with an inert gas, and 
then stored at 4°C in an amber bottle. 
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The functionalized fluorescent nanocrystals used in the fluorescent ink composition 
according to the present invention are (a) functionalized to be water soluble and to enhance 
stability in water or a water-based solution; (b) a class of nanocrystals that may be excited 
with a single excitation light source resulting in detectable fluorescence emissions of high 
5 quantum yield and with discrete fluorescence peaks; (c) functionalized so as to have reactive 
functionalities, such as may be used to operably bind to a binder, if desired; and (d) resistant 
to photobleaching and fading. "Water-soluble" is used herein to mean sufficiently soluble or 
dispersible in water or water-based solutions. Preferably, the functionalized fluorescent 
nanocrystals used in a fluorescent ink composition comprise a substantially uniform size of 

10 less than 100 Angstroms, and preferably have a substantially uniform size in the range of 

from about 2 nm to about 10 nm (diameter). As apparent to one skilled in the art, the amount 
of the functionalized fluorescent nanocrystals contained within the fluorescent ink 
composition according to the present invention will depend on factors such as the desired 
intensity of the emitted fluorescence, the nature of the fluorescent nanocrystals comprising 

15 the functionalized fluorescent nanocrystals, the desired viscosity of the fluorescent ink 
composition, the nature of the substrate onto which is printed the fluorescent ink 
composition, and the nature of the printer device (e.g., ink jet printer) for which the 
fluorescent ink composition is intended. In a preferred embodiment, the amount of 
functionalized fluorescent nanocrystals is in the range of from about 0.0005% to about 5%, 

20 based on the total weight of the fluorescent ink composition. 

INK CARRIER 

Any suitable aqueous-based ink carrier may be used to prepare the fluorescent ink 
composition according to the present invention. Suitable aqueous-based ink carriers should 



16 



WO 02/053677 PCT/USO 1/4 9441 

provide sufficient solubility for the various components of the fluorescent ink composition 
(e.g., functionalized fluorescent nanocrystals and binder). A suitable aqueous-based ink 
carrier comprises water (preferably demonized water), or a mixture of water and at least one 
water-soluble organic solvent. As apparent to one skilled in the art, the selection of the ink 
5 carrier will depend on factors such as the desired drying time of the fluorescent ink 

composition, the desired surface tension and viscosity of the fluorescent ink composition, the 
nature of the substrate onto which is printed the fluorescent ink composition, and the nature 
of the printer device (e.g., ink jet printer) for which the fluorescent ink composition is 
intended. Similarly, depending on such factors, the amount of the ink carrier in the 

10 fluorescent ink composition according to the present invention may vary. In a preferred 
embodiment, the amount of ink carrier is in the range of from about 75% to about 99.5%, 
based on the total weight of the fluorescent ink composition. 

In the case of an aqueous-based ink carrier comprising a mixture of water and at least 
one water-soluble organic solvent, the amount of water is sufficient for solubilization of the 

15 functionalized fluorescent nanocrystals therein. In a preferred embodiment, the aqueous- 
based ink carrier contains from about 40% to about 95% water (based on total weight of the 
aqueous-based ink carrier), and more preferably, from about 60% to about 95% water; with 
the balance being the one or more water-soluble organic solvents. It is further preferred that 
the water-soluble orgastic solvent not adversely affect the peak fluorescent emission 

20 wavelength or the intensity of the fluorescent emission of excited functionalized fluorescent 
nanocrystals in the fluorescent ink composition. Water-soluble solvents are known to those 
skilled in the art to include, but are not limited to, citrus solvents (e.g., citrus peel oils, 
terpine, terpinene, dipentene, and the like), a polyhydric alcohol (e.g., ethylene glycol, 
propylene glycol, butylene glycol, triethylene glycol, thiodiglycol, diethylene glycol, 
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hexylene glycol, and the like), an alcohol (e.g., methanol, ethanol, propanol, butanol), a 
polyalkyl glycol (e.g., polyethylene glycol), alkyl ethers of apolyhydric alcohol, ketones or 
ketoalcohols, sulfur containing compounds (e.g., dimethyl sulfoxide, tetramethyl sulfone), 
and esters (e.g., ethylene carbonate, propylene carbonate). 



BINDER 

The fluorescent ink composition may optionally comprise a binder. The binder serves 
to immobilize, or increase the adhesion of, the fluorescent ink composition to the substrate on 
which it is printed. The binder is soluble or dispersible in the ink carrier of the fluorescent 
ink composition, and preferably should not adversely affect the peak fluorescent emission 
wavelength or the intensity of the fluorescent emission of excited functionalized fluorescent 
nanocrystals in the fluorescent ink composition. A water-soluble or water-dispersible binder 
is known to those skilled in the art to include, but is not limited to, one or more of: an acrylic 
polymer, starch, a polyvinyl alcohol, glycerol, polyethylene glycol, carboxymethylcellulose, 
hydroxyethyl cellulose, polysodium acrylate, polysodium methacrylate, styrene-acrylic 
copolymers, styrene-maleic copolymers, pectinic acid, and the like. As apparent to one 
skilled in the art, the selection and amount of the binder will depend on factors such as the 
desired surface tension and viscosity of the fluorescent ink composition, the desired water 
dispersibility, the nature of the substrate onto which is printed the fluorescent ink 
composition, and the nature of the printer device (e.g., ink jet printer) for which the 
fluorescent ink composition is intended. In a preferred embodiment, the amount of binder is 
in the range of from about 1% to about 25%, based on the total weight of the fluorescent ink 
composition. In a preferred embodiment in which the fluorescent ink composition is used in 
an ink jet printer, a suitable amount of binder is added to the fluorescent ink composition so 
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as to comprise a viscosity suitable for ink jet printing; i.e., within the range of from about 1 to 
20 centiposes (cps), and more preferably, 1.5 to 8 cps. 

In a most preferred embodiment, each molecule of binder comprises one or more 
reactive functionalities that is reactive with (e.g., can be used to operably bind to) one or 
5 more reactive functionalities of functionalized fluorescent nanocrystals in forming the 

fluorescent ink composition according to the present invention. Operably binding the binder 
to the functionalized fluorescent nanocrystals can result in production of a durable cross- 
linked fluorescent ink composition that may improve adhesion and surface tension of the 
fluorescent ink composition to the surface of the substrate onto which it is printed; as well as 

10 improving the stability of the fluorescent ink composition in storage and/or printing operation 
conditions. For example, a molecule of binder comprises one or more free chemical groups, 
and the functionalized fluorescent nanocrystals each comprise multiple molecules of reactive 
functionality comprising reactive chemical groups which are capable of becoming operably 
bound (e.g., ionically) to the reactive functionalities of the binder under suitable conditions so 

1 5 that a fluorescent ink composition is formed to have functionalized fluorescent nanocrystals 
cross-linked with binder. In continuing with an illustrative example, a molecule of binder 
comprises reactive functionalities comprising amino groups, and the functionalized 
fluorescent nanocrystals comprise reactive functionalities comprising amino-reactive groups 
(e.g., carboxyl or amine). In another illustrative example, the binder comprises reactive 

20 functionalities comprising carboxyl groups and the functionalized fluorescent nanocrystals 
comprise reactive functionalities comprising carboxyl-reactive groups (e.g., amine). Binders 
having at least one free carboxyl group may include, but are not limited to, carboxylated 
cellulose derivatives (e.g., carboxyethyl cellulose, carboxypropyl cellulose, carboxymethyl 
cellulose, hydroxylalkyl celluloses, alkyl celluloses, hydroxypropyl methylcellulose), alginic 
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acid, pectinic acid, esterified starches, polymeric carboxylic acids (e.g., polyacrylic acids, 
polymethacrylic acids, polymaleic acids), polymeric sulfonic acids, and polycarboxylated 
vinyl polymers. A preferred binder comprises carboxymethyl cellulose. Binders having at 
least one amine group may include, but are not limited to, polyethylene glycol end-capped 
with amine, caseinate, soybean protein, gelatin, polyvinyl amines, polyallylammes, amine- 
fiinctionalized lignin, amine-functionalized acrylic resins (e.g., dimethyl amino ethyl 
methacrylate), and amine-fiinctionalized cellulose derivatives (e.g., aminoethyl-cellulose, 
aminopropylcellulose). The binder of the fluorescent ink composition according to the 
present invention may comprise one type or a plurality of types of binders. 

In a preferred embodiment, the functionalized fluoresecent nanocrystals, ink carrier, 
and binder comprise at least about 90% by weight of the fluorescent ink composition. 

ADDITIONAL COMPONENTS 

The fluorescent ink composition may comprise an additional component selected 
from the group consisting of a biocide, a defoamer, a surfactant, a corrosion inhibitor, and a 
combination thereof. Surfactants may be added to improve the wettability of the fluorescent 
ink composition to the surface of the substrate onto which it is printed. Surfactants may 
include, but are not limited to, ethoxylated tetramethyl decynediol, alkylbenzene sulfonates, 
alkyl-naphthyl sulfonates, alcohol sulfates, perfluorinated carboxylic acids, alkylesters of 
polyethylene glycol, fatty acid esters of glycol, alkylamines, amphoteric surfactants, and a 
combination thereof. In a preferred embodiment in which the fluorescent ink composition 
comprises a surfactant as a component, the surfactant may be present in the fluorescent ink 
composition in an amount of from about 0.01% to about 1.5% by weight of the fluorescent 
ink composition. A defoamer prevents foaming of the fluorescent ink composition during its 
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preparation, as well as during the printing operation. Any suitable defoamer known to those 
skilled in the art may be used as an additional component in the fluorescent ink composition 
according to the present invention; and more preferably, the defoamer is soluble or 
dispersible in the ink carrier of the fluorescent ink composition. A defoamer may comprise 
5 one or more of a mixture of tetramethyldecynediol and propylene glycol, a silicone defoamer, 
an acetylenic defoamer, and the like. In a preferred embodiment in which the fluorescent ink 
composition comprises a defoamer as a component, the defoamer may be present in the 
fluorescent ink composition in an amount of from about 0.5% to about 1 .2% by weight of the 
fluorescent ink composition. A biocide is one or more agents to prevent growth of bacteria, 

10 mold, or fungus in the fluorescent ink composition. Any suitable biocide known to those 

skilled in the art may be used as an additional component in the fluorescent ink composition 
according to the present invention; and more preferably, the biocide is soluble or dispersible 
in the ink carrier of the fluorescent ink composition. A suitable biocide may include, but is 
not limited to, one or more of benzoate salts, sorbate salts, methyl p-hydroxybenzoate, 6- 

15 acetoxy-2,2 -dimethyl- 1,3-dioxane, l,2-benzisothiazolin-3-one, and the like. In a preferred 
embodiment in which the fluorescent ink composition comprises a biocide as a component, 
the biocide may be present in the fluorescent ink composition in an amount of from about 
0.02% to about 0.5% by weight of the fluorescent ink composition. A corrosion inhibitor 
may be added to the fluorescent ink composition to inhibit or reduce corrosion, such as of the 

20 metal parts of the printer device (e.g., nozzles or orifices). Any suitable corrosion inhibitor 
known to those skilled in the art may be used as an additional component in the fluorescent 
ink composition according to the present invention; and more preferably, the corrosion 
inhibitor is soluble or dispersible in the ink carrier of the fluorescent ink composition. A 
suitable corrosion inhibitor may include, but is not limited to, one or more of the 1H- 
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benzotriazoles. In a preferred embodiment in which the fluorescent ink composition 
comprises a corrosion inhibitor as a component, the corrosion inhibitor may be present in the 
fluorescent ink composition in an amount of from about 0.01% to about 0.5% by weight of 
the fluorescent ink composition. 

5 

METHOD OF MANUFACTURE 

As appreciated by those skilled in the art of inks, the fluorescent ink compositions 
according to the present invention may be prepared in any number of ways. However, a 
preferred method of formulating the fluorescent ink compositions comprises mixing the 

10 functionalized fluorescent nanocrystals into the aqueous-based ink carrier comprising water 
or a water-based solution, and then added to and mixed therein is a binder. For fluorescent 
ink compositions that further comprise one or more additional components (e.g., surfactant, 
biocide, corrosion inhibitor), the one or more additional components may then be added to 
and mixed in the fluorescent ink composition. The final mixture may be stirred until a 

15 blended, consistent composition is obtained. The fluorescent ink composition may be 
filtered, if desired, e.g., to remove any impurities. 

PRINTING DEVICES 

As apparent to one skilled in the art of printing, the printing device utilized will 
20 depend on the printing method in which the fluorescent ink compositions according to the 
present invention are applied. In one embodiment, each of a plurality of the fluorescent ink 
compositions is placed in a separate well of a printing device containing multiple wells for 
holding ink or ink cartridges, in loading the printing device with fluorescent ink compositions 
that may be used in combination to print an image (e.g., security mark or one or more 



22 



WO 02/053677 PCT/USO 1/49441 

patterns) that is capable of fluorescing in multiple colors when exposed to a single excitation 
light source suitable for exciting the functionalized fluorescent nanocrystals of the fluorescent 
ink compositions. The fluorescent inks are printed onto a substrate by the printing device in 
ratios appropriate to yield the desired colors and to form the desired image. In a preferred 
5 embodiment, the printing device is an ink jet printer. 



PRINTING METHODS 

The fluorescent ink compositions according to the present invention may be used in 
many printing methods such as ink jet printing, screen printing, gravure printing, letterpress 

10 printing, offset printing, relief printing, intaglio printing, and the like. As apparent to one 

skilled in the art, the viscosity of the fluorescent ink compositions will vary depending on the 
printing method, the printer device, and the substrate onto which the fluorescent ink 
compositions are printed. For example, a preferred viscosity for ink jet printing may range 
from about 1.5 to about 15 cps; and more preferably, from about 3 to about 6 cps. In 

15 contrast, a preferred viscosity for screen printing may range from about 100 to about 400 cps; 
and more preferably, from about 200 to about 300 cps. Printed images, generated using the 
printing method and fluorescent ink compositions according to the present invention, are 
fluorescent when exposed to an excitation light source (e.g., UV light); and thus become 
visible or detectable as a color (or colors when more than one fluorescent ink composition is 

20 used in the printing method) in the range of from about 410 nm to about 900 nm. 



SUBSTRATES 

The fluorescent ink compositions according to the present invention may be used to 
print on a number of suitable substrates which may include, but are not limited to, 
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conventional papers (computer paper, currency paper, bond paper, copying paper, image 
paper), glass, rubber, vinyl, plastics, fabrics, films, inorganic substrates (e.g., metals and 
woods), and the like. In a preferred embodiment, the substrate comprises a porous or 
absorbent substrate, such as paper. 

5 

METHODS FOR IDENTIFICATION OF AN OBJECT 

As apparent to those skilled in the art from the descriptions herein, one or more of the 
fluorescent ink compositions of the present invention may be used in a method of providing 
an object with a security marking for purposes of identification (which may further 
10 encompass verification). In one embodiment, a method for identifying an object comprising 
the steps of: 

(a) applying a security mark to the object using a fluorescent ink composition 
comprising functionalized fluorescent nanocrystals, an aqueous-based ink carrier comprising 
water or a water-based solution, and a binder; 
15 (b) exposing the object to an excitation light source having a wavelength spectrum 

in a range of from about 300 nm to about 400 nm; 

(c) visualizing the security mark by detecting a peak fluorescent emission in a 
spectral range of from about 410 nm to about 750 nm; and 

(d) identifying the object in response to visualizing the security mark. 

20 In another embodiment, a plurality of fluorescent ink compositions are used to apply a 

security mark to the object, wherein each of the plurality of fluorescent ink compositions is 
capable of fluorescing a specific (e.g., different than that emitted by any other of the 
fluorescent ink compositions in the plurality of fluorescent ink compositions) color in 
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providing a security mark which fluoresces in multicolor when visualized; and identification 
is based on the visualization of the security mark fluorescing in multicolor. 

As appreciated by those skilled in the art, the exact components, the proportion of the 
5 components, and properties of the components, desired for an ink composition will depend on 
the application, printing method, and substrate. Therefore, routine experimentation may be 
required to determine the components and the proportion of the components which are 
optimum in forming a fluorescent ink composition for a given application and with the 
desired properties. 

10 The following examples are provided to further illustrate the present invention, and 

are not to be construed as limiting the invention in any manner. 



Example 1 

For purposes of illustration, listed in Table 3 are various examples of a fluorescent ink 
15 composition according to the present invention, wherein the fluorescent ink composition 
comprised functionalized fluorescent nano crystals, and an ink carrier. The components are 
listed by their weight percent of the composition; wherein the functionalized fluorescent 
nanocrystals (e.g., homocysteine-coated fluorescent nanocrystals) are abbreviated as <C FNC"; 
and the ink carrier ("IC") comprised water (H2O) and at least one water soluble organic 
20 solvent ("WSO"). The water soluble organic solvents used for purposes of illustration 
included dimethyl sulfoxide CT>MSO") and polyethylene glycol ("PEG"). The resultant 
fluorescent ink compositions were printed on a white plain paper substrate (a stock of 
standard copy paper lacking substantial background fluorescence), and allowed to dry. The 
print was invisible to the unaided eye. The paper substrate was then exposed to UV light, and 
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the print appeared the appropriate color due to the fluorescence of the fluorescent ink 
composition used. 



Table 3 



FNC 


IC 


<1% 


H 2 0 > 94%; DMSO 5% 


<1% 


H 2 0 > 59%; DMSO 40% 


<1% 


H 2 0>94%;PEG 5% 


<1% 


H 2 0 > 59%; PEG 40% 



Example 2 

For purposes of illustration, listed in Table 4 are various examples of a fluorescent ink 
composition according to the present invention, wherein the fluorescent ink composition 
comprised functionalized fluorescent nanocrystals ("FNC"), an ink carrier ("IC"), and a 
binder. The resultant fluorescent ink compositions were printed on a white plain paper 
substrate (a stock of standard copy paper lacking substantial background fluorescence), and 
allowed to dry. The print was invisible to the unaided eye. The paper substrate was then 
exposed to UV light, and the print appeared the appropriate color due to the fluorescence of 
the fluorescent ink composition used. 
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Table 4 



FNC 


IC 


Binder 


<1% 


H 2 O>34%;PEG40% 


glycerol 25% 


<1% 


H 2 0 > 58%; DMSO 40% 


glycerol 1% 


<1% 


H 2 O>58%;PEG40% 


glycerol 1% 


<1% 


H 2 0>93%;DMS0 5% 


starch 1% 


<1% 


H 2 0>93%;DMSO 5% 


gelatin 1% 


<1% 


H 2 Q > 58%; DMSO 40% 


gelatin 1% 



Example 3 

For purposes of illustration, listed in Table 5 are various examples of a fluorescent ink 
composition according to the present invention, wherein the fluorescent ink composition 
comprised functionalized fluorescent nanocrystals, an ink carrier ("IC"), a binder, and a 
surfactant. For each composition illustrated in Table 5, functionalized fluorescent 
nanocrystals were in a weight percent of less than 1%. Illustrative surfactants included 
triethylamine ("TEA"), and detergent (TRITON; "TTN"). The resultant fluorescent ink 
compositions were printed on a white plain paper substrate (a stock of standard copy paper 
lacking substantial background fluorescence), and allowed to dry. The print was invisible to 
the unaided eye. The paper substrate was then exposed to UV light, and the print appeared 
the appropriate color due to the fluorescence of the fluorescent ink composition used. 
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Tables 



IC 


Binder 


Surfactant 


H z O > 92%; DMSO 5% 


gelatin 1% 


0.01% TEA 


H 2 0>92%;DMSO 5% 


gelatin 1% 


0.1% TEA 


H 2 0>92%;DMSO 5% 


gelatin 1% 


1% TEA 


H 2 0 > 88%; DMSO 5% 


gelatin 5% 


0.01% TEA 


H 2 0>88%;DMSO 5% 


gelatin 5% 


0.1% TEA 


H z O > 88%; DMSO 5% 


gelatin 5% 


1% TEA 


H 2 0 > 92%; DMSO 5% 


gelatin 1% 


0.01% TTN 


H 2 0 > 92%; DMSO 5% 


gelatin 1% 


0.1% TTN 


H 2 0 > 92%; DMSO 5% 


gelatin 1% 


1% TTN 


H 2 0>88%;DMSO 5% 


gelatin 5% 


0.01% TTN 


H z O > 88%; DMSO 5% 


gelatin 5% 


0.1% TTN 


H 2 0 > 92%; PEG 5% 


gelatin 1% 


1% TEA 


H 2 0 > 92%; PEG 5% 


gelatin 1% 


1% TTN 



The foregoing description of the specific embodiments of the present invention have 
been described in detail for purposes of illustration. In view of the descriptions and 
illustrations, others skilled in the art can, by applying current knowledge, readily modify 
and/or adapt the present invention for various applications without departing from the basic 
concept, and therefore such modifications and/or adaptations are intended to be within the 
meaning and scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A fluorescent ink composition comprising functionalized fluorescent nanocrystals, an 
aqueous-based ink carrier comprising water or a water-based solution, and a binder. 

5 2. The fluorescent ink composition according to claim 1, further comprising an 
additional component selected from the group consisting of a biocide, a surfactant, a 
defoamer, a corrosion inhibitor, and a combination thereof. 

3. The fluorescent ink composition according to claim 1, wherein the functionalized 
10 fluorescent nanocrystals comprise semiconductor nanocrystals. 

4. The fluorescent ink composition according to claim 1, wherein the functionalized . 
fluorescent nanocrystals comprise doped metal oxide nanocrystals. 

15 5. The fluorescent ink composition according to claim 1, wherein the functionalized 
fluorescent nanocrystals are excitable by exposure to a wavelength spectrum in a spectral 
range of from about 300 nm to about 400 nm, and fluoresces at a peak emission wavelength 
in the spectral range of from about 410 nm to about 750 nm. 

20 6. The fluorescent ink composition according to claim 1, wherein the functionalized 
fluorescent nanocrystals comprise fluorescent nanocrystals functionalized by a plurality of 
molecules comprising amino acid. 
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7. The fluorescent ink composition according to claim 1, wherein the functionalized 
fluorescent nano crystals comprise a substantially uniform size in the range of about 2 nm to 
about 10 nm. 



5 8. The fluorescent ink composition according to claim 1 , wherein the functionalized 
fluorescent nanocrystals comprise an amount in the range of from about 0.0005% to about 
5%, based on total weight of the fluorescent ink composition. 

9. The fluorescent ink composition according to claim 1, wherein the aqueous-based ink 
10 carrier comprises water. 

10. The fluorescent ink composition according to claim 1, wherein the aqueous-based ink 
carrier comprises a water-based solution comprising a mixture of water and at least one 
water-soluble organic solvent. 

15 

11. The fluorescent ink composition according to claim 1, wherein the aqueous-based ink 
carrier comprises an amount in the range of from about 75% to about 99.5%, based on total 
weight of the fluorescent ink composition. 

20 12. The fluorescent ink composition according to claim 1, wherein the binder comprises 
an amount in the range of from about 1% to about 25%, based on total weight of the 
fluorescent ink composition. 
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13. The fluorescent ink composition according to claim 1, wherein the functionalized 
fluorescent nanocrystals are operably bound to the binder in forming a cross-linked 
fluorescent ink composition. 

5 14. The fluorescent ink composition according to claim 2, wherein the functionalized 
fluorescent nanocrystals and the aqueous-based ink carrier and the binder comprise at least 
90% by weight of the fluorescent ink composition. 

15. The fluorescent ink composition according to claim 2, wherein the fluorescent ink 
10 composition further comprises a defoamer in the range of from about 0.5% to about 1 .2% by 

weight of the fluorescent ink composition. 

1 6. The fluorescent ink composition according to claim 2, wherein the fluorescent ink 
composition further comprises a surfactant in the range of from about 0.01% to about 1.5% 

1 5 by. weight of the fluorescent ink composition. 

17. The fluorescent ink composition according to claim 2, wherein the fluorescent ink 
composition further comprises a biocide in the range of from about 0.02% to about 0.5% by 
weight of the fluorescent ink composition. 

20 

18. The fluorescent ink composition according to claim 2, wherein the fluorescent ink 
composition further comprises a corrosion inhibitor in the range of from about 0.01% to 
about 0.5% by weight of the fluorescent ink composition. 
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19. A method of formulating the fluorescent ink composition according to claim 1, 
wherein the method comprises: contacting the functionalized fluorescent nanocrystals with 
the aqueous-based ink carrier in forming a mixture; and adding a binder to the mixture in 
forming the fluorescent ink composition. 

5 

20. A method of providing an image on a substrate for subsequent identification 
comprising applying onto the substrate a fluorescent ink composition comprising 
functionalized fluorescent nanocrystals, an aqueous-based ink carrier comprising water or a 
water-based solution, and a binder. 

10 

21. A method according to claim 20, wherein the image comprises a security mark. 

22. A method according to claim 20, wherein the fluorescent ink composition further 
comprises an additional component selected from the group consisting of a biocide, a 

15 surfactant, a defoamer, a corrosion inhibitor, and a combination thereof. 

23. A method according to claim 20, further comprising applying onto the substrate a 
plurality of fluorescent ink compositions wherein each of the plurality of fluorescent ink 
compositions is capable of fluorescing a specific color in providing an image which is 

20 multicolor upon subsequent identification. 

24. The method according to claim 20, wherein the functionalized fluorescent 
nanocrystals are operably bound to the binder in forming a cross-linked fluorescent ink 
composition 
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25. An image formed by the method according to claim 20. 

26. An image comprising a security mark formed by the method according to claim 21 . 

5 

27. An image formed by the method according to claim 22. 

28. An image formed by the method according to claim 23. 
10 29. An image formed by the method according to claim 24. 

30. A substrate having printed thereon an image according to claim 25. 

31. A substrate having printed thereon an image according to claim 26. 

15 

32. A substrate having printed thereon an image according to claim 27. 

33. A substrate having printed thereon an image according to claim 28. 
20 3 0 . A substrate having printed thereon an image according to claim 29. 

33. A method for identifying an object comprising the steps of: 
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(a) applying a security mark to the object using a fluorescent ink composition comprising 
fimctionalized fluorescent nanocrystals, an aqueous-based ink carrier comprising water or a 
water-based solution, and a binder; 

(b) exposing the object to an excitation light source having a wavelength spectrum in a 
5 range of from about 300 nm to about 400 nm; 

( c ) visualizing the security mark by detecting a peak fluorescent emission in a spectral 
range of from about 410 nm to about 750 nm; and 

( d ) identifying the object in response to visualizing the security mark. 

10 34. The method according to claim 33, further comprising applying a security mark to the 
object using a plurality of fluorescent ink compositions, wherein each of the plurality of 
fluorescent ink compositions is capable of fluorescing a specific color in providing a security 
mark which fluoresces in multicolor when visualized; and identifying the object based on the 
visualization of the security mark fluorescing in multicolor. 

15 

35. The method according to claim 33, wherein the fluorescent ink composition further 
comprises an additional component selected from the group consisting of a biocide, a 
surfactant, a defoamer, a corrosion inhibitor, and a combination thereof. 

20 36. The method according to claim 33, wherein the fimctionalized fluorescent 

nanocrystals are operably bound to the binder in forming a cross-linked fluorescent ink 
composition. 
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